The leaf anatomy of Bomarea is described and related to ecological conditions. The principal architecture of all species is very similar; adaptations are developed in numerous differences, for instance degree of lignification. All species have inverse leaves, the adaxial side being the stomatous side. In most species, the leaves are resupinate, the lower surface being the adaxial. Theories for the cause of resupination are discussed.
INTRODUCTION
The genus Bomarea is distributed from Mexico (24 ° N) to Chile (40 ° S), and is mainly restricted to the American Cordilleras with B. edulis as the only exception. It can also be found in Brazil and the Antilles.
The genus Bomarea contains four subgenera: Baccata (three species), Bomarea ( c . 70), Sphaerine (12), and Wichuraea (18) (Hofreiter & Tillich, 2002) .
The leaves of the Alstroemeriaceae attracted attention early on because they are inverted. Scharf (1892) was one of the first to study the leaf anatomy of Bomarea , but only one species ( B. edulis ) . Colozza (1898 Colozza ( , 1901 studied another ( B. multiflora ). Kugler (1928) , Czapek (1898) , and Goebel (1920) studied the cause of the inversion of the leaves. Tetley (1936) and Dufour (1886) also studied the inverse leaves of the Alstroemeriaceae. A more recent study was performed by Sanso & Xifreda (1995) , but again only a few samples and species were studied, mostly B. edulis. Lyshede (2002) described the anatomy of 16 different Alstroemeriaceae, including two Bomarea species ( B. multiflora and B. ovallei , syn. Leontochir ovallei ) .
Bomarea species occur in many different habitats. They are found in forests and in open landscapes: the coastal desert of Peru, in the shadows of the permanently wet mist forests, in the lowland forests at the foot of the Andes, in the full sun at an altitude of 5200 m in the wet páramo, and in the dry puna. They must endure very different climatic conditions in the various habitats. Most habitats of Bomarea are dominated by daytime conditions. Differences are always more moderate between night and day in forests than in open habitats. The mist forests are always cool without frost at night, always wet and humid, with little wind and deep shadows (Walter & Breckle, 1984) . The open landscape becomes drier from Colombia to Bolivia (Troll, 1968) . The páramo in Colombia and Ecuador is characterized by moderate temperature differences between night and day, fierce winds, and high humidity. On the other hand, it is also rather cool during the day. Low humidity, strong sunlight, and moderate frost during the night occur in the few periods in which the sky is clear. The puna is characterized by high temperature differences up to 40 ° C within 24 h between night and day (Rauh, 1988) , but the day is warm. There is a larger difference between the dry and rainy seasons than in the páramo; in the dry season, water stress and low air moisture often occur; there is a harsh frost during the night, fierce winds, and usually strong sunshine. B. dulcis grows at altitudes at which the temperature mostly alternates between frost and thaw. These two high mountain habitats slowly change from one type to the other. In general, the area of South Ecuador/North Peru is accepted as the border. Some Bomarea species live in more specialized habitats. Two species can be found in the lomas of Peru. Dense fog covers the lomas for nearly half of the year, but, apart from the El Nino years, it never rains. The temperature is therefore moderate and mesomorphic plants can grow in the foggy season.
The principal architecture of all Bomarea species is very similar: rhizomatous perennials with root tubers; nonbranching epigean shoots; inverse simple linear to ovate leaves; a terminal inflorescence with tubular, nectar-rich flowers with two circles of free tepals. The high mountain species must be adapted to fierce winds, harsh sunlight, and temperature differences as high as 40 ° C within 24 h. The mist forest species must adapt to deep shadow, wet and cool conditions throughout the year, and the lowland species to high temperatures and heavy rain. Does the anatomy, especially of the leaves, show visible adaptation to such different environmental conditions?
MATERIAL AND METHODS
The plant material was fixed in formalin-acetic acidalcohol (FAA). Herbarium material was treated for 1-2 days with 2% NaOH prior to fixation. The wrinkled cell walls swell because of the NaOH treatment. Following standard methods, the preparations were embedded in paraffin (Gerlach, 1969) .
The paraffin blocks were cut until a complete cutting surface was exposed. The blocks were then placed in a 1 : 2 glycerin-water solution for at least 1 week. This treatment ensures that the cell walls are softened (Gerlach, 1969) .
Sections (12 µ m) were cut on a Leica microtome RM 2155, stained in safranin and astra blue prior to mounting in Canada balsam, and examined with a Zeiss Axioplan light microscope. The leaf anatomy of 43 species was studied. Table 1 contains only those species which are described in detail. The epidermis was studied by a LEO scanning electron microscope.
RESULTS

G ENERAL ANATOMY
Leaf anatomy: The leaves of all species examined are inverse, and most are also resupinate. The stomata are all or nearly all on the adaxial side of the leaves; the spongy mesophyll parenchyma is always on the adaxial side in the species examined so far (Fig. 1) . The abaxial (here upper) epidermis is more strongly developed in most species (Figs 5A, 6A) . The adaxial side is pubescent, the hairs in general being multicellular (Figs 1B, C, 3) . Some species bear one-celled microhairs (Fig. 11E) . Some species are either glabrous or pubescent on both leaf surfaces; no species are known with the abaxial surface pubescent and the adaxial glabrous. The cuticle on the abaxial side is often distinctly more thickly developed than on the adaxial side (Figs 5A, 6A) . Epicuticular wax may be found on both sides of the leaf, but, when present, is denser on the adaxial side (Fig. 11C, D) . The epidermal cells on the adaxial side of the leaves have sigmoid anticlinal cell walls between the vascular bundles, whereas those above the vascular bundles are longitudinally stretched (Figs 9, 10A ). The stomata appear only between the vascular bundles. The epidermal cells of the abaxial side are always longitudinally stretched without sinuous cell walls. A bundle sheath always surrounds the vascular bundles (Fig. 5F ). Usually, all cells of the sheath have lignified cell walls. Idioblasts with raphide bundles often occur and, in some species, tanniniferous cells are present (Fig. 1B) . The epidermis in many species is covered with epicuticular regularly arranged wax platelets, the size of which may be the same on both surfaces or different (Fig. 11C, D) . Some species lack epicuticular wax completely (subgenus Sphaerine ).
The number and density of primary veins differ between the subgenera. All species of the subgenus Sphaerine have seven to nine primary veins independent of leaf size (Fig. 7A, C) ; all Wichuraea species have more than 12 primary veins, which are close to each other (Fig. 7B, D) . In the subgenus Bomarea , both types occur.
Stem anatomy:
The stem anatomy differs slightly between the subgenera. All species have an atactostelic stem with a single-layered epidermis and a multilayered fibre sheath (Fig. 4A , B, C). The collateral vascular bundles are dispersed over the stelar area. In the centre of the stem is a ring of three to seven vascular bundles containing larger xylem vessels than the peripheral bundles. A compact sheath always surrounds each vascular bundle; often these cells are all lignified. The species of the subgenera Bomarea and Sphaerine have a three-to five-layered cortex surrounding the two-to eight-layered fibre sheath (Fig. 4B, C) . The species of the subgenus Wichuraea only have a single-layered cortex surrounding a very strong fibre sheath containing small, almost completely lignified cells (Fig. 4B ).
Root anatomy:
The fibrous roots have a single-layered rhizodermis followed by a single-layered exodermis. The cortex contains irregularly arranged cells with starch grains. The cortex cells of the innermost layers have thick lignified cell walls. The endodermis is also lignified in most species (Fig. 4D ). The phloem and xylem bundles are in a circle, a polyarch actinostele, surrounding large parenchyma cells. Nearly half of the root tuber diameter contains an enlarged central cylinder. The central parenchyma contains starch, as in the cortex. The endodermis and inner layers of the cortex do not have lignified cell walls.
S UBGENUS B OMAREA
The species of the subgenus Bomarea can be found from Mexico (24°N) to Chile (40°S) at altitudes between 10 and 4000 m.
B. boliviensis Baker Scanning electron microscopy:
The costal epidermis is covered with one-celled and multicellular hairs. The epidermis and hairs of the adaxial side are densely covered with regularly ordered wax platelets. The abaxial side is covered with larger, but much less dense, irregularly ordered platelets.
Ecology: Bomarea boliviensis can be found in Bolivia and northern Argentina. It grows erect or suberect in full sun or in the light shadow of small shrubs on the Altiplano or in the valleys on the eastern side of the Andes.
B. cordifolia (Ruiz & Pavón) Herb. (Fig. 11B,C,D)
The differentiation into spongy mesophyll and palisade layers is distinct. The palisade parenchyma is two to four layers thick. A bundle sheath of one to three layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is of a similar thickness to the adaxial. It is covered by a thick cuticle. The adaxial epidermis is covered by long, up to 12-celled hairs, which are denser above the bundles. The epidermal cells on the adaxial side are papillous between the veins. The leaf blade is 15-20 cells thick; the laminae are mostly 10-15 × 5-8 cm. The primary veins are close and numerous.
Scanning electron microscopy:
The adaxial side is very densely covered with wax platelets. The basal cell of the hairs is slightly covered, but the rest are completely glabrous. The abaxial surface is loosely covered with small irregularly ordered wax platelets.
Ecology: Bomarea cordifolia grows on the edges of mist forests between 2500 and 3500 m. (Figs. 1C, 11A ) The differentiation into spongy mesophyll and palisade layers is clear. The palisade cells are often two-lobed and two to three layers thick. A bundle sheath of one to three layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is two to three times as thick as the adaxial and covered by a thick cuticle. Every other vein is longitudinally provided with multicellular hairs The leaf blade is 10-15 cells thick, the laminae mostly 6-10 × 2-3 cm. Primary veins are numerous and close to each other.
B. crassifolia Kränzlin
Scanning electron microscopy:
The adaxial epidermis is of type I, the abaxial of type II. Epicuticular wax cannot be found on either leaf surface, except around the stomata, where unordered small wax platelets occur.
Ecology: This species is found on the edge of mist forests in northern Peru, at 2500-3500 m altitude.
B. formosissima (Ruiz & Pavón) Herb.
The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are dense. A bundle sheath of two to five layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is single layered with a thick cuticle; the adaxial epidermis is almost as developed as the abaxial and the stomata are sunken. The leaf blade is 10-15 cells thick; the laminae are mostly 5-8 × 1-2 cm. The primary veins are close and numerous.
Scanning electron microscopy: On the adaxial side, the leaves are covered with microhairs. Regularly ordered epicuticular wax platelets can be found on the adaxial side, whereas the abaxial side is covered with irregular wax bodies.
Ecology: Bomarea formosissima is distributed on the edges of mist forests and in shrubs in Peru and Bolivia up to 4200 m. It is so far known as the highest growing of all twining species of the subgenus Bomarea.
B. goniocaulon Baker
The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are dense. A bundle sheath of two to five layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is single layered with a thick cuticle; the adaxial epidermis is less developed than the abaxial. The leaves are covered with single and multicellular hairs above the bundles on the adaxial surface. The leaf blade is 10-15 cells thick; the laminae are mostly 5-8 × 1-2 cm. The primary veins are close and numerous.
Ecology: Bomarea goniocaulon can be found in hedges and on edges of mist forests. The species seems to avoid the wettest of these because it has never been found on the eastern windward side of the Cordillera Oriental. (Fig. 5B) The differentiation into spongy mesophyll and palisade layers is distinct. The palisade parenchyma is one to two layers thick. A bundle sheath of one to three layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is more developed than the adaxial. It is covered by a thick cuticle. Bundle sheath extensions, some without contact to the veins, appear on both sides of most bundles. The leaf blade is six to nine cells thick; the laminae are mostly 6-10 × 1-2.5 cm. The primary veins are close and numerous. (Fig. 1B) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less dense. A bundle sheath of two to three layers of lignified cells surrounds the vascular bundles. The abaxial epidermis has a thick cuticle. Every vein is longitudinally provided with single-celled bladder-like hairs. The leaf blade is 12-15 Scanning electron microscopy: Both leaf surfaces bear no epicuticular wax. The closely related B. purpurea has fine wax platelets on the adaxial side and larger irregularly ordered platelets on the abaxial side.
B. nematocaulon Killip
Ecology: This species occurs on the edge of mist forests in (Colombia), Ecuador and Peru at 2700-3800 m. (Fig. 1A) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is weak. The palisade layer is only one to two cells thick. A small nonlignified bundle sheath surrounds the bundles. The abaxial epidermis is only slightly more strongly developed than the adaxial. Bundle sheath extensions of large chloroplast-free cells occur on the adaxial side of the larger veins and on both sides of the middle vein. The leaf blade is only six to ten cells thick; the laminae are mostly 10-15 × 2-3 cm. Each leaf has seven to nine primary veins.
B. tarmensis Kränzlin
Scanning electron microscopy: Both leaf surfaces bear dense and regularly ordered wax platelets.
Ecology: This species grows in mountain rain forests on the edges of forest clearings and landslides in Peru and northern Bolivia at 800-1700 m. It flowers during the rainy season.
SUBGENUS SPHAERINE
The species of this subgenus grow in the shadow of the mist forests from southern Ecuador to central Bolivia or in the wet páramo of north Ecuador and Colombia. 
B. foertheriana Hofreiter (Figs 2A, 5E, F)
The differentiation into spongy mesophyll and palisade layers is weak. Both layers are loosely built with large intercellular spaces. The palisade parenchyma is single layered. The bundle sheath consists of one to three layers of lignified cells. The single-layered abaxial epidermis is twice as thick as the abaxial. It is covered by a thin cuticle. The leaf is conspicuously thicker at the veins. The leaf blade is 8-12 cells thick; the laminae are mostly 6-10 × 2-3 cm.
Scanning electron microscopy:
The adaxial surface is sparsely covered with small regularly ordered platelets; the abaxial surface is glabrous.
Ecology: Bomarea foertheriana occurs only in the shadows of mist forests in Peru at 1300-3500 m. (Fig. 11E, F) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less loosely built with large intercellular spaces. The bundle sheath is formed by two to three layers of lignified cells. The abaxial epidermis is single layered with a thin cuticle. The veins are supported longitudinally by bundle sheath extensions of two to three layers of large parenchyma cells. The leaf blade is 12-15 cells thick; the laminae are mostly 5-8 × 1-2 cm.
B. distichifolia (Herb.) Baker
Scanning electron microscopy:
The adaxial side is covered with microhairs. No epicuticular wax can be found on either leaf surface.
Ecology: This species grows in and at the edges of mist forests from southern Ecuador to central Bolivia at 1500-3600 m. (Fig. 2E) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less loosely built with large intercellular spaces. These are significantly smaller than in B. distichifolia or B. foertheriana. The bundle sheath is formed by two to four layers of lignified cells. The abaxial epidermis is single layered with a thick cuticle. The veins are supported longitudinally by bundle sheath extensions of two to three layers of large parenchyma cells. The leaf blade is 12-15 cells thick; the laminae are mostly 5-8 × 1-2 cm.
B. huanuco Hofreiter
Ecology: Bomarea huanuco occurs only in the shadows of mist forests in Peru around 3500 m.
B. nervosa (Herb.) Baker (Figs 2C, 4C, D)
The differentiation into spongy mesophyll and palisade layers is distinct. The palisade parenchyma is one to two layers thick. The spongy mesophyll layers are conspicuously thicker than in the other species. A bundle sheath of two to six layers of lignified cells surrounds the vascular bundles. The abaxial epidermis is more developed than the adaxial. It is covered by a thick cuticle. The adaxial epidermis cells are two lobed in the intercostal area. Bundle sheath extensions, some without contact to the veins, appear on both sides of the main bundles. On the abaxial side, the bundle sheath extensions are up to five layers thick, on the adaxial side only two layers. The leaf blade is 8-15 cells thick; the laminae are mostly 8-15 × 3-5 cm.
Ecology: Bomarea nervosa can be found epiphytic and terrestrial in moss cushions in mist forests in north Peru at 2100-3600 m. It also grows in light shadow of hedges and shrubs.
B. pumila Grieseb. ex Baker
The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less dense. The bundle sheath contains one to two layers of small lignified cells. Bundle sheath extensions without contact to the veins appear on the abaxial side of some bundles, mostly only two layers thick. All veins are longitudinally supplied with up to ten-celled hairs. The leaf blade is six to ten cells thick at the nearly 20 veins; the laminae are mostly 5-8 × 1-2 cm.
Scanning electron microscopy: No epicuticular wax occurs.
Ecology: This species is distributed from Peru to Bolivia in open parts of very wet puna at altitudes between 2600 and 3600 m.
SUBGENUS WICHURAEA
All Wichuraea species occur in the high Andean range in the dry and wet puna and at the edge of mist forests at 2800-5200 m from Ecuador to north Argentina. They grow erect in full sun or climb in shrubs (see also Hofreiter & Tillich, 2003) . (Fig. 10) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct, although the palisade parenchyma is clearly denser than the spongy parenchyma. A bundle sheath of two to five layers of lignified cells surrounds each vascular bundle. The abaxial epidermis is single layered with a thick cuticle. Almost every other vein is supported longitudinally by bundle sheath extensions of large chloroplast-free parenchyma cells on their adaxial side. The leaves are usually strongly involute. The leaf blade is 10-20 cells thick; the laminae are mostly 3-15 × 0.3-1.8 cm. The primary veins are close and numerous.
B. andimarcana (Herb.) Baker
Scanning electron microscopy: Between the veins microhairs can be found. Small regularly ordered wax platelets may be found on the adaxial side; on the abaxial side only sparse, irregularly ordered wax bodies.
Ecology: Bomarea andimarcana grows on steep slopes and between rocks in the central and eastern Cordilleras at 3000-4500 m. (Figs 3, 6B, 12) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less dense. The bundle sheath consists of two to three layers of lignified cells. The abaxial epidermis is single layered with a thick cuticle. In pubescent specimens, multicellular hairs appear in rows on every vein. The leaves may be strongly involute. The leaf blade is 12-15 cells thick; the laminae are mostly 2-10 × 0.2-1.5 cm. The primary veins are close and numerous.
B. dulcis (Hook.) Beauverd
Scanning electron microscopy:
The adaxial side is completely covered with single-celled hairs. It seems that all epidermal cells, except the stomata, bear a hair. Epicuticular wax is absent.
Ecology: Bomarea dulcis is distributed from Ancash (Peru) in the north to Bolivia in the south on both windward and lee sides of steep slopes and between rocks at 2500-5200 m.
B. torta (Kunth) Baker (Figs 2B, 6A)
The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct. Both layers are more or less dense, but denser on the abaxial side. The bundle sheath consists of two to seven layers of lignified cells. The abaxial epidermis is single layered with a thick cuticle. The leaves are only weakly involute. The leaf blade is 12-15 cells thick; the laminae are mostly 3-6 × 0.2-0.5 cm.
Scanning electron microscopy:
The adaxial side is covered with regularly ordered wax platelets, the abaxial side with irregular wax bodies.
Ecology: Bomarea torta grows in valleys in Ecuador and north Peru, almost exclusively on steep slopes and between rocks at 3500-4500 m. (Fig. 2D) The differentiation into spongy mesophyll parenchyma and palisade parenchyma is not very distinct.
B. involucrosa (Herb.) Baker
Both layers are dense. The bundle sheath consists of four to seven layers of lignified cells and reaches from the adaxial to the abaxial epidermis. The abaxial epidermis is two layered with a thick cuticle. The leaves may be strongly involute. The leaf blade is 12-15 cells thick; the laminae are mostly 5-20 × 0.5-3.0 cm.
Scanning electron microscopy:
The intercostal epidermis is covered with microhairs and one-celled hairs. The epidermis and hairs of the adaxial side are densely covered with regularly ordered wax platelets. The abaxial side is covered with larger, but much less dense irregularly ordered platelets.
Ecology: Bomarea involucrosa grows in valleys from central Peru in the north to Bolivia in the south. In the eastern Cordilleras, it only grows on the lee sides of steep slopes and between rocks; in the western Cordilleras, it grows on both westerly and easterly exposed slopes at 3200-4600 m.
B. vargasii Hofreiter
Scanning electron microscopy: Both leaf surfaces are densely covered with regularly ordered wax platelets.
Ecology: Bomarea vargasii grows in northern and central Peru between rocks, near small tributaries, and in moss cushions in semi-shade at 2600-4000 m.
DISCUSSION
The principal architecture of the leaves is generally similar in all species, but differences and adaptations have developed in the shape and number of cell layers, degree of lignification, size of the abaxial epidermis, cuticle thickness, and the amount of differentiation between the spongy parenchyma and palisade parenchyma. In addition, there are differences dependent on habitat, leaf orientation, and whether the leaves are involute. With the exception of the species of the subgenus Wichuraea, the leaves are always resupinate and never involute. In this subgenus, the leaves may be appressed to the stem instead of being resupinate. The leaves of the subgenus Wichuraea are always more or less involute and the sclerenchymatous bundle sheaths are stronger, independent of habitat. B. engleriana, a twining Wichuraea species, has involute leaves, despite being found in mist forests. In the subgenus Bomarea, the best protected leaves are born by species growing at the timberline, such as B. formosissima and B. setacea. The involute inverse leaves of the Wichuraea group are also found in other high Andean plants, such as Loricaria thujoides (Asteraceae) (Rauh, 1988) , Chuquiraga (Asteraceae) (Böcher, 1979; Ezcurra, 1985) , Azorella (Apiaceae) (Espinosa, 1933) , Pycnophyllum (Caryophyllaceae) (Espinosa, 1933) , and Tafalla (Asteraceae) (Spinner, 1936) . Chuquiraga contains 23 species of evergreen shrubs and is distributed from south Colombia to Argentina. At least four species of Chuquiraga have inverse involute leaves (Ezcurra, 2002) . This leaf type was called 'inverted-ericoid' by Böcher (1979) . He interpreted this type as an adaptation to dry habitats and frequent night frosts. The development of this leaf type in the subgenus Wichuraea depends on the ecological conditions. Within a single population of B. dulcis, one may find plants with narrow, strongly involute, but not resupinate leaves and others with comparatively wide, weakly involute, resupinate leaves. B. dulcis occurs on steep mountain slopes, mostly between boulders up to 5200 m. The plants with strongly involute leaves grow at locations exposed to wind and sun; the others are protected between boulders in the shade. This is in good accord with the interpretation of Böcher (1979) . B. macrocephala has the narrowest leaves of the erect high Andean Wichuraea species, whereas B. glaucescens has the widest and least involute leaves. B. macrocephala is the southernmost species of Wichuraea. It occurs in the south of Bolivia and the north of Argentina in the subpuna with a well-marked dry season. B. glaucescens is the northernmost species; it grows from northern Peru to northern Ecuador in wet puna. The epidermis is covered with epicuticular wax platelets in this group. The species growing in shadow (e.g. B. brevis, B. foertheri, B. huanuco) have much wider leaves compared with their thickness. Some species have never been seen in open habitats. B. pumila (subgenus Sphaerine) occurs in open habitats in the wet puna; it has a thick epidermis and cuticle, but, as in other Sphaerine species, the vascular bundles are not surrounded by bundle sheaths with many layers of sclerenchyma cells, as in the subgenus Wichuraea. The whole group so far examined lacks epicuticular wax or has only a few wax platelets, even B. pumila.
The leaves of the high mountain species of the subgenus Wichuraea are the best protected against water loss, whereas the least protected leaves are found in the mist forest species of the subgenus Sphaerine. The twining species of the subgenus Bomarea are intermediate, depending on their habitat. The resupinate leaves of Bomarea can be interpreted as a preadaptation, which may have helped the group to colonize the high mountain habitats. The leaves not only need to be resupinate, but have become involute; a similar structure arises in, for example, Chuquiraga. The principal architecture would not have needed to be changed. The stem shows adaptation to the growth form, twining or erect, which is not surprising. The root anatomy shows no special adaptation to the different habitats, except that the páramo (with permanently wet soil) has species of the subgenus Sphaerine with very small root tubers. The other species so far examined all bear numerous large root tubers. No difference was observed between the evergreen species of the mist forest and the species of desert habitats.
In Alstroemeria, species with isolateral and dorsiventral leaves occur. The stomata can be on both sides or concentrated on the adaxial side. The stomata can be almost equally distributed on both surfaces (e.g. A. pallida) or more concentrated on the adaxial side (e.g. A. aurea) (Lyshede, 2002) . The difference in cell size between epidermal cells and parenchyma cells is much greater in Alstroemeria than in Bomarea. In Bomarea, no species are known with the stomata almost equally distributed on both leaf surfaces, and only a few species with some stomata on the abaxial side. In Alstroemeria, this seems to be fairly common. The adaxial leaf surface is a type I epidermis in all Bomarea species. In Alstroemeria, the adaxial leaf surface can be a type I or type II surface. In Alstroemeria, nearly all species seem to be glabrous, with only one species bearing single-celled hairs (A. andina). Multicellular hairs seem to be restricted to Bomarea.
In Luzuriaga (Arroyo & Leuenberger, 1988) and in Drymophila (Conran, 1985) , the leaves are always resupinate and all stomata are on the adaxial surface. The differences in leaf anatomy between Luzuriagaceae and Bomarea are slight. The general description of the 'transverse section' in Arroyo & Leuenberger (1988) would also fit some species in the subgenera Bomarea and Sphaerine.
There has been much speculation about the cause of the inversion of the leaves in the Alstroemeriaceae. The closest related family to the Alstroemeriaceae is the Luzuriagaceae (Vinnersten & Bremer, 2001 ). Both families have inverse leaves. The next family related to this clade is the Colchicaceae, but their leaves are not inverse. The common ancestor of Luzuriagaceae and Alstroemeriaceae probably also had inverse leaves, but it is less probable that this character was developed independently in the two related families. Vinnersten & Bremer (2001) date the separation between the Luzuriagaceae and the Alstroemeriaceae between 40 and 60 Mya with 95% confidence. The separation between Alstroemeria and Bomarea is dated at 18 ± 9 Mya. In the Cretaceous period, there is little evidence for extensive dry conditions. However, in the centre of the still connected continents of South America and Africa, some dry areas probably existed. Such evidence explains the distribution of Prosopis and Acacia. Both grow in the semi-desert habitats in eastern Africa and South America (Thorne, 1973) . The Palaeocene and Eocene were wet and warm periods in South America. Around 24 Mya in the Miocene, South America became drier and open habitats began to appear (Solbrig, 1975) . The species of the Luzuriagaceae occur in wet habitats, the species of the Colchi-caceae mainly in dry habitats. With one exception, all groups of this clade have species that bear underground storage organs: thickened roots in the Alstroemeriaceae and uvularioid Colchicaceae or a corm in the wurmbaeoid Colchicaceae. The uvularioid genera are thought to be basal within the Colchicaceae (Nordenstam, 1998) . The only group without storage organs is the Luzuriagaceae. It can be speculated that the common ancestor of Luzuriagaceae and Alstroemeriaceae evolved inverse leaves in drier habitats during the Cretaceous period. In the following more humid periods, the leaves became resupinate instead of reversing to normal anatomy. Two more theories have been proposed with regard to the cause of leaf inversion. One states that the leaves are 'autonomously' resupinate and consequently became inverse (Goebel, 1920; Kugler, 1928) . The third theory states that unifacial leaves developed first and then transformed into resupinate leaves (Czapek, 1898) . The first theory gives an evolutionary ecological explanation; the other two give no explanation as to why plants should start autonomously to resupinate their leaves or why they should resupinate unifacial leaves.
